Recent observations have shown that islands and constrictions may be the sites of significant internal wave activity in sea straits. In this paper we examine one generation mechanism: resonant forcing by transcritical flow past topography. Experiments were conducted on the large rotating platform at the Coriolis Laboratory, Institut de M6canique de Grenoble, Grenoble, France. A slender body was towed through a two-layer stratified rotating channel, simulating the flow past an island or constriction in a strait. For a range of Froude numbers, blockage coefficients, and rotation rates, nonlinear internal Kelvin waves were generated upstream. The dependence of the wave parameters on the Froude number, Rossby number, and blockage coefficient was measured. The transition between subcritical and supercritical flow is found to occur at Froude numbers greater than unity, to depend on the blockage, but to be essentially independent of the internal Rossby radius of deformation. The results are compared with recent similar measurements of single-layer flows in nonrotating channels, and good agreement is obtained. The nonlinear Kelvin waves which are generated upstream are found to be similar in all respects to those described by Renouard et al. (1987).
versy. Experiments by Maxworthy [1983] and Renouard et al. [1987] show qualitative agreement in many respects but also display significant quantitative differences, for example, in the rate of decay of amplitude along the wave crest.
Theoretical work [Grimshaw, 1985] In this paper we wish to address the subject of the generation of nonlinear internal Kelvin waves by resonant forcing. In the nonrotating case it is now well known that a three-dimensional disturbance moving at transcritical speed can generate two-dimensional solitary waves upstream [see Wu, 1987; Katsis and Akylas, 1986] . The process by which the waves upstream evolve from three to two dimensions depends upon the nonlinear speed being a function of the wave amplitude. Reflection of the three-dimensional waves at the channel wall leads to an increase in amplitude and a corresponding increase in speed which ultimately produces a wave front normal to the wall [Macomb, 1986] . The process is akin to Mach reflection [Miles, 1977] .
In a rotating channel this reflection process is clearly going to be influenced by rotation, and we anticipate that Kelvin waves may be generated upstream with the wave amplitude varying exponentially across the channel. In view of previous experimental and numerical results we anticipate that the wave crests may not be normal to the wall but curved, as first observed by Maxworthy [1983] .
The experiments described below were designed to model the waves generated upstream by transcritical flow past an island or a constriction in a strait. They are of a preliminary nature and were undertaken to demonstrate the importance of rotation and topography in this class of flows. experiments a channel width of 60 cm was chosen. A streamlined "ship-shaped" wooden body 60 cm long and 16 cm in diameter was suspended from a motorized carriage driven by a stabilized dc motor. The speed of the carriage was chosen by setting the motor controller and checked by timing the carriage over a section of the channel.
In a typical experiment the channel was spun up, and a lower saline layer of density P2 was added to a depth of h 2.
Subsequently, a layer of fresh water of density Pl was slowly added (while the channel rotated) to give a total water depth of (h 1 + h2) with a typical interface thickness of less than 1 cm. The carriage was slowly moved to one end of the channel, and after all disturbances had decayed, the carriage was accelerated to a constant speed V in approximately 1-2 s and thereafter moved at this speed until it was stopped at 7 m down the channel. Displacement of the interface was measured by three electromechanical interface followers [Renouard et al., 1987] fixed across the channel at 7.5 m and a fourth at 8.2 m on the right-hand wall to measure the wave speed by time delay relative to the followers at 7.5 m. An acoustic interface follower was attached to the carriage carrying the body at a position 16 cm ahead of the body. The combination of fixed and moving interface followers was dictated by the need to identify and measure the evolution of waves propagating upstream of the body. Data were recorded on a digital computer and plotted for quality control after each run. Following one run, the body was slowly towed back down the channel. This procedure was repeated for a set of Froude numbers in the range of 0.59-1.3. After a set of runs at a fixed rotation rate (or Rossby radius) the platform would be very slowly accelerated or decelerated to a new (fixed) rotation rate, and the procedure repeated. This procedure was facilitated by a newly installed programmable speed control on the platform, which permits rotation periods in the range 18-999 s with a fractional error of less than 10 -4 .
All of the experiments were run with a lower layer depth of 26 cm and upper layer depth of 4 cm. In all cases the normalized density change across the interface, •p/p = (P2 -Pl)/P2, was O(10-2), and the platform rotation periods Tr were in the range 50-800 s.
Since the interface was thin in all experiments, the single (internal) Froude number F describing each experiment is given by function of St and S2, the blockage coefficients for each layer.
RESULTS
Before undertaking a detailed analysis of the data it is worthwhile to show examples of the "raw" data. In a recent paper, Melville and Macomb [1987] showed that the theoretical formulation of a two-layer flow past a constriction in a strait could be transformed into an equivalent single-layer problem with a transformation of variables and boundary conditions. In the single-layer case the blockage coefficient is just the fractional area of the channel occupied by the constriction. In the two-layer case the internal mode is not excited by a body having a shape uniform with depth through the two layers.
It is the representation of the geometry of the body in terms of the internal (displacement) modes of the wave field which leads to forcing of internal waves. Thus in order to force a first mode internal wave the width of the body must vary with depth so that the effective body geometry over the water column has a nonzero mode corresponding to the first mode internal wave. For the two-layer case the equivalent blockage coefficient becomes 1 y = 58.
• ( Finally, we wish to emphasize the important difference introduced by rotation. Without rotation, through a process of nonlinear reflection at the sidewalls (as described by Macomb [1986] ) the initially three-dimensional disturbance ahead of the body evolves into two-dimensional waves spanning the channel. This is clearly shown in Figure 9a, where at the subcritical Froude numbers there is no discernible phase change across the channel. We believe that the small changes in the phase at the higher Froude numbers in this figure may be due to the fact that the waves may not have completely evolved in the available channel length (see also Figure 9b ). Another explanation suggested by the shape for the highest Froude number is that the leading wave is a steady bow wake shed by the body after stopping. This would be consistent with our earlier discussion of the leading wave in the neighborhood of the maximum amplitude, which is based in part on the results in Figure 10 . When rotation is introduced, the waves upstream remain three-dimensional and evolve very much like the nonlinear interfacial waves observed by Renouard et al. [1987] , exhibiting curved fronts (compare Figures 8 and 9c ) and profiles comparable to Boussinesq solitary waves (compare Figures 11 and 12) . 
